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(57) ABSTRACT 

Embodiments of the invention are generally directed to sys 
tems, methods, and machine-readable mediums for imple 
menting gesture-based signature authentication. In one 
embodiment, a system may include several modal input 
devices. Each modal input device is capable of retrieving a 
stream of modal input data from a user. The system also 
includes modal interpretation logic that can interpret each of 
the retrieved modal input data streams into a corresponding of 
set of actions. The system additionally includes modal pairing 
logic to assign each corresponding set of actions to control 
one of the displayed objects. Furthermore, the system has 
modal control logic which causes each displayed object to be 
controlled by its assigned set of actions. 

21 Claims, 9 Drawing Sheets 
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1. 

USING MULT-MODAL INPUT TO CONTROL 
MULTIPLE OBJECTS ON ADISPLAY 

TECHNICAL FIELD 

Embodiments of the invention generally relate to the field 
of integrated circuits and, more particularly, to systems, 
methods, and devices utilized to control objects on a display 
through the use of multi-modal input. 

BACKGROUND 

Gesture input has become very popular with the Nin 
tendo(R) WiiTM and other gaming devices. As integrated cam 
eras and array microphones become more common in com 
puting products, methods of input such as gesture, Voice, and 
gaze (use of eyes or movement of the head), will become a 
more common means of input. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are illustrated by way of 
example, and not by way of limitation, in the figures of the 
accompanying drawings in which like reference numerals 
refer to similar elements. 

FIG. 1 illustrates an embodiment of eye gaze modal input 
manipulating what is seen on the display. 

FIG. 2 illustrates an embodiment of multi-modal input by 
a user to control objects on a display. 

FIG. 3 illustrates another embodiment of multi-modal 
input by a user to control objects on a display. 

FIG. 4 illustrates an embodiment of multi-modal input by 
each of two users to control objects on a display. 

FIG. 5 is a block diagram of an embodiment of a modular 
multi-modal input system. 

FIG. 6 is a flow diagram of an embodiment of a process to 
utilize a modal input stream to control a displayed object. 

FIG. 7 is a flow diagram of an embodiment of a process to 
utilize multi-modal inputs to simultaneously control more 
than one displayed object. 

FIG. 8 illustrates an embodiment of a computer system 
implementing multi-modal input to control objects on a dis 
play. 

FIG. 9 illustrates another embodiment of a computer sys 
tem implementing multi-modal input to control objects on a 
display. 

DETAILED DESCRIPTION 

Embodiments are generally directed to systems, methods, 
and apparatuses for using multi-modal input to control 
objects on a display. 

In many embodiments, a process to use multi-modal input 
to control displayed objects involves receiving several 
streams of modal input. The modal input may be input from 
any type of modal input device. For example, modal input 
devices may include video cameras, microphones, motion 
detectors such as accelerometers, skin-attached electrical 
measurement equipment to detect electrical fields/impulses 
in the brain or in muscle tissue, or other such devices. Types 
of modal input that modal input devices may be capable of 
capturing (i.e., recording) are eye movement (i.e., eye gaZe 
direction), head movement, arm and hand movement, leg and 
feet movement, Voice commands, as well as many otherforms 
of modal input. 
A “stream” of modal input refers to a stream of data cap 

tured by one of these modal input devices. For example, a 
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2 
Video camera might be trained on a user's eye movements. 
The video camera might record 60 frames of video per second 
of a close upperspective of the user's eyes. These frames may 
be referred to as the stream of modal input data. Other streams 
include audio capture streams as well as coordinate data 
streams from motion capture devices, such as a Nintendo (R) 
WiiTM remote, that may provide three dimensional coordi 
nates of the location of the device every certain number of 
milliseconds. 

Several of these streams of modal input may be received 
into a computing device. Each stream is then interpreted by 
logic within the computing device to ascertain a set of actions. 
The set of actions is then assigned to an object on a display 

device. A television set might be a display device utilized. The 
object on the television set may be a virtual hand, a virtual leg, 
a ball, or one of many other types of objects that may be 
displayed. Additionally, in many embodiments, the object 
may be a virtual point-of-view camera perspective of the 
screen. In other words, by manipulating the camera perspec 
tive, the view of what is seen on the screen may change. For 
example, if the eye gaze turns from left to right, a virtual 
world that may be displayed upon the screen may swivel to 
the right in response. Essentially, the process allows the set of 
actions to be attached to an object displayed (or related to the 
display of what is seen) and the object is therefore manipu 
lated dynamically on the display by the actions. 
An example of the process utilizes a stream of user eye 

movement. If the user's eyes change from looking to the left 
to looking to the right, the interpretation logic discerns this 
movement and creates actionable commands pertaining to the 
movement potentially coupled with a time stamp. A single 
action in the set might look something like this: (eye gaze: 30° 
left of center, 15° down of center; time: 10:17:57.098). 

FIG. 1 illustrates an embodiment of eye gaze modal input 
manipulating what is seen on the display. The display at time 
1 shows the user's eye position being centered on the screen, 
which shows a displayed environment with a tree on the right 
side of the screen. This eye position is tracked by gaze track 
ing equipment 100 (e.g., a video camera which is potentially 
on a user head mount). At time 2, the display is showing the 
same environment position, but all of a Sudden the user's eye 
gazes to the right, which is recorded by the gaze tracking 
equipment 100. 
The eye movement can then be interpreted, which reveals a 

desired environment frame of reference that is partially to the 
right of the current displayed environment. The interpretation 
logic then creates a set of actions that controls the point-of 
view to move right, which shows that at time 2+ the tree 
(which was on the right of the screen at time 1 and time 2) has 
moved more into the center of the screen due to the eye 
movement. This has satisfied the user because the desired 
point-of-view has now centered on the display and so the 
user's eyes are once again centered on the display. 

FIG. 2 illustrates an embodiment of multi-modal input by 
a user to control objects on a display. FIG. 2 specifically 
utilizes eye gaze movement and arm gesture movement as the 
two types of modal input. Specifically, the user's eye gaZe 
movement is tracked by modal input device 2A (200) and the 
arm gesture movement is tracked by modal input device 2B 
(202). The user's eye gaze movement is assigned to manipu 
late the frame of reference of the display and the users arm 
movement is assigned to manipulate a virtual quarterback 
arm on the display. 
When the user shifts his gaze to the right, the point-of-view 

changes to the new frame of reference. This is denoted by 
result 2A (204), which shows the bracket corresponding to the 
top display frame of reference being modified to center on the 
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screen. This causes the football player to move from the right 
side of the display to the center. 
As this is taking place, the user makes a throwing motion 

(i.e., gesture) with his/her arm. This gesture is captured by 
modal input device 2B 202. Interpretation logic interprets the 
throwing motion arm gesture and controls a virtual quarter 
back arm on the display to throw a football to the football 
player, which is result 2B (206). 

FIG. 3 illustrates another embodiment of multi-modal 
input by a user to control objects on a display. FIG. 3 specifi 
cally utilizes eyegaZe movement, arm gesture movement, and 
Voice commands as the three types of modal input. Specifi 
cally, the user's eyegaZe movement is tracked by modal input 
device 3A (300), the arm gesture movement is tracked by 
modal input device 3B (302), and the user's voice commands 
are recorded by modal input device 3C (304). The user's eye 
gaze movement is assigned to manipulate the frame of refer 
ence of the display, the users arm movement is assigned to 
manipulate a virtual adventures arm wielding a weapon, and 
the user's voice commands are assigned to manipulate what a 
non-player character (NPC) adventurer friend will do to help 
the adventurer on the display. 
When the user shifts his gaze left or right, the point-of-view 

changes to the new frame of reference. This is denoted by 
result 3A (306), which shows that currently the user has 
his/her frame of reference centered on the screen so no move 
ment is necessary. 

Simultaneous to the modal input user eyegaZe tracking, the 
user makes a motion (i.e., gesture) with his/her arm. This 
gesture is captured by modal input device 3B 302. Interpre 
tation logic interprets the arm gesture and controls the adven 
turer's arm to attack, block, etc. with the adventurer's virtual 
weapon in hand. 

Furthermore, simultaneous to the modal input user eye 
gaze tracking and modal input user arm gesture tracking, the 
user Voices action commands as instructions for the adven 
turer's NPC friend. For example, the user might notice an 
arrow about to hit the adventurer's friend and yell "Duck” to 
have the NPC friend duck out of the arrow's way. Any number 
of voice commands may be interpreted (e.g., jump, attack, sit 
down, etc.). Thus the user, through the simultaneous modal 
inputs of his/her eyes, arms, and Voice, may be manipulating 
several objects on the display at once. 

FIG. 4 illustrates an embodiment of multi-modal input by 
each of two users to control objects on a display. FIG. 4 
specifically utilizes eye gaze movement and arm gesture 
movement as the two types of modal input. Although not 
shown in FIG. 4, the same or similar modal input devices may 
be used to track user eye gaze movement and arm gesture 
movement. Player 1's eyegaZe movement controls the player 
1 goalie 402 movement, this assignment is visualized through 
modal control link 1. Player 1’s arm gesture movement 404 
controls player 1 shooter 406 movement, visualized through 
modal control link 2. Player 2's eye gaze movement 408 
controls the player 2 goalie 410 movement, visualized 
through modal control link 3. Finally, Player 2's arm gesture 
movement 412 controls player 2 shooter 414 movement, visu 
alized through modal control link 4. 

FIG. 5 is a block diagram of an embodiment of a modular 
multi-modal input system. 

Multi-modal input computing device 500 may be any type 
of computing device, such as a desktop computer, server, 
workstation, laptop, handheld device, television set-top 
device, media center device, game console, integrated system 
device (such as in a car), or other type of computing device. 
The computing device may be coupled to several modal input 
devices such as modal input device A502 (a video camera) 
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4 
and modal input device B 504 (a microphone). In other 
embodiments, there are other and potentially many more 
modal input devices, such as entire arrays of microphones or 
Video cameras, motion detection devices, location aware 
devices (such as a global positioning system capable device), 
among other types of modal input devices. 

Each of the modal input devices is coupled to modal inter 
pretation logic 506. As discussed above, modal interpretation 
logic 506 may be capable of interpreting a modal input data 
stream into a set of actions/commands. The set of actions is 
sent to modal pairing logic 508 which creates pairs of a modal 
input with a display object. The pair information, as well as 
the sets of actions are then fed to modal control logic 510, 
which receives the actions/commands and uses the pair data 
to determine which object displayed on display 512 is con 
trolled with which set of actions. 

For example, modal input device A502 may be paired with 
displayed object A514 and modal input device B504 may be 
paired with displayed object B 516. The multi-modal input 
process is modular in the sense that modal pairing logic 508 
may disassociate a given modal input data stream with a first 
displayed object and re-associate the same stream with a 
second object. Thus, an input stream may be switched from 
controlling a first object to controlling a second object at any 
time. Additionally, an object may be switched from being 
controlled by a first stream to being controlled by a second 
Stream. 

In many embodiments, modal pairing logic 508 may 
implement a user interface to give the user the ability to 
explicitly assign each input modality to a display object or 
other controlled element (such as the point-of-view eye gaZe 
implementation). Thus, in many embodiments, the user may 
enter into a user interface that has a first list of available input 
modalities and a second list of available display objects/ 
elements/functions to control. The user can then explicitly 
pair each modality with an object/etc. This information may 
then be used by modal pairing logic 508 during operation of 
the system. 

Additionally, it is not necessarily the case that any input 
stream would have the ability to control any object, but if 
there are any restrictions, those may be predetermined and 
implemented by restricting certain user settings to program 
into modal pairing logic. 

FIG. 6 is a flow diagram of an embodiment of a process to 
utilize a modal input stream to control a displayed object. 
The process is performed by processing logic which may 

include hardware (e.g., circuitry in a general purpose com 
puter), Software (e.g., OS or Software application code), firm 
ware (e.g., microcode or basic input/output system (BIOS) 
code), or a combination of any two or more of these forms of 
processing logic. The process in FIG. 6 is related to a single 
stream of modal input. In many embodiments, this process is 
performed for each stream of modal input. 
The process begins by processing logic retrieving a stream 

of modal input data from a user (processing block 600). Next, 
processing logic interprets the stream of modal input data into 
a set of actions or commands (processing block 602). Then, 
processing logic assigns the set of actions/commands to con 
trol a particular displayed object (processing block 604). 
Finally, processing logic utilizes the set of actions to control 
the assigned displayed object (processing block 606). 

FIG. 7 is a flow diagram of an embodiment of a process to 
utilize multi-modal inputs to simultaneously control more 
than one displayed object. 

Again, the process is performed by processing logic which 
may include hardware (e.g., circuitry in a general purpose 
computer), Software (e.g., OS or Software application code), 



US 8,977,972 B2 
5 

firmware (e.g., microcode or basic input/output system 
(BIOS) code), or a combination of any two or more of these 
forms of processing logic. 
The process begins by processing logic assigning a first 

modal input (by way of the interpreted actions associated with 
the first modal input) to control a first object on a display 
screen (processing block 700). Next, processing logic assigns 
a second modal input (by way of the interpreted actions 
associated with the second modal input) to control a second 
object on the display screen (processing block 702). 

At this point the process flow diverges and both blocks 704 
and 706 are performed simultaneously by processing logic. 
Specifically, processing logic controls the first object on the 
display Screen using the first modal input (through the inter 
preted set of actions related to the first modal input) (process 
ing block 704). At the same time processing logic controls the 
second object on the display Screen using the second modal 
input (through the interpreted set of actions related to the 
second modal input) (processing block 706) and the process 
is finished. 

FIG. 8 illustrates an embodiment of a computer system 
implementing multi-modal input to control objects on a dis 
play. 

Computer system 800 is shown. In several embodiments 
the computer system 800 includes one or more central pro 
cessing units (CPUs). Although in many embodiments there 
are potentially many CPUs, in the embodiment shown in FIG. 
8 only two CPUs (802 and 804) are shown for clarity. CPUs 
802 and 804 may be Intel R. Corporation CPUs or CPUs of 
another brand. Each CPU includes one or more cores. In the 
embodiment shown, CPU 802 includes Core AO (806), Core 
A1 (808), Core A2 (810), and Core A3 (812) and CPU 804 
includes Core B0 (814), Core B1 (816), Core B2 (818), and 
Core. B3 (820). 

In other embodiments, CPUs 802 and 804 may each have a 
number of cores either greater than or less than the four cores 
each are shown to have in FIG.8. In many embodiments, each 
core (such as core A0 (806)) includes internal functional 
blocks such as one or more execution units, retirement units, 
a set of general purpose and specific registers, etc. If the cores 
shown in FIG. 8 are multi-threaded or hyper-threaded, then 
each hardware thread may be considered as a core as well. 
CPUs 802 and 804 each may also include one or more 

caches, such as last level caches (LLCs) 822 and 824, respec 
tively. In many embodiments that are not shown, additional 
caches other than caches 822 and 824 are implemented where 
multiple levels of cache exist between the execution units in 
each core and memory. In different embodiments the caches 
may be apportioned in different ways. Each of caches 822 and 
824 may be one of many different sizes in different embodi 
ments. For example, caches 822 and 824 each may be an 8 
megabyte (MB) cache, a 16 MB cache, etc. Additionally, in 
different embodiments the cache may be a direct mapped 
cache, a fully associative cache, a multi-way set-associative 
cache, or a cache with another type of mapping. Each cache 
may include one large portion shared among all cores in the 
respective CPU or may be divided into several separately 
functional slices (e.g., one slice for each core). Each cache 
may also include one portion shared among all cores and 
several other portions that are separate functional slices per 
COC. 

In many embodiments, CPUs 802 and 804 each include 
their own system memory controller (826 and 828, respec 
tively) to provide an interface to communicate with system 
memories 830 and 832. In other embodiments that are not 
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6 
shown, memory controllers 830 and 832 may be discrete 
devices or integrated within other devices in computer system 
8OO. 

System memory 830 and 832 may comprise dynamic ran 
dom access memory (DRAM), such as a type of double data 
rate (DDR) DRAM, non-volatile memory such as flash 
memory, phase change memory (PCM), or another type of 
memory technology. System memories 830 and 832 may be 
general purpose memories to store data and instructions to be 
operated upon by CPUs 802 and 804, respectively. Addition 
ally, there may be other potential devices within computer 
system 800 that have the capability to read and write to the 
system memories, such as a direct memory access (DMA)- 
capable I/O (input/output) device. 
The link (i.e., bus, interconnect, etc.) that couples each 

CPU with each respective system memory may include one or 
more optical, metal, or other wires (i.e. lines) that are capable 
of transporting data, address, control, and clock information. 

Furthermore, CPUs 802 and 804 may communicate with 
each other through a point-to-point (P2P) interface using P2P 
interface circuits 834 and 836, respectively. The P2P interface 
may include high-speed bi-directional serial links, separated 
pairs of uni-directional serial links, or links implemented in 
parallel, among others. Apart from communicating with each 
other, CPUs 802 and 804 may also communicate through the 
same type of P2P interface with a high performance interface 
complex 838. Specifically, CPU 802 may communicate with 
complex838 through P2P interface circuitry 840 on the CPU 
side and P2P interface circuitry 842 on the complex 838 side 
and CPU 804 may communicate with complex 838 through 
P2P interface circuitry 844 on the CPUside and P2P interface 
circuitry 846 on the complex 838 side. 

High performance interface complex 838 may provide an 
interface to any Subsystems that require high data throughput. 
For example, high performance graphics Subsystem 848 may 
communicate with the CPUs through I/O interface 850 and 
high performance communications Subsystem 852 may com 
municate through I/O interface 854. High performance inter 
face complex 838 may also include I/O interface 856 to 
communicate to an I/O hub complex 858, which utilizes I/O 
interface 860. The circuitry for each I/O interface shown in 
computer system 800 may be the same or may be different. 
For example, the I/O interface 850 coupling the high perfor 
mance graphics subsystem 848 to the complex 838 may com 
prise a 16-lane Peripheral Component Interface (PCI)-Ex 
press protocol link, whereas the I/O interface 856 coupling 
the high performance interface complex 838 to the I/O com 
plex 858 may utilize a different protocol. 
The I/O hub complex 858 may provide a general commu 

nication interface between devices coupled to one or more I/O 
interconnects (i.e. busses) and the CPUs 802 and 804. For 
example, I/O hub complex 858 may include one or more I/O 
adapters, such as I/O adapter 862, which may provide an 
interface to allow I/O devices, such as I/O device 864 to be 
communicatively coupled to the rest of the computer system 
800. For example, one I/O hub complex may be a Universal 
Serial Bus (USB) hub complex and another might be a legacy 
PCI hub complex. Storage adapter 866 may also be integrated 
into I/O hub complex 858. Storage adapter 866 provides a 
communication interface with mass storage device 868. The 
mass storage device 368 may be a hard disk drive, a solid state 
drive, a phase change memory array, or another form of mass 
Storage. 
An input interface 870 allows the computer system 800 to 

be coupled to input devices such as camera(s) 872 and micro 
phone 874. 
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At least one embodiment of the processing logic capable of 
successfully implementing executing the CLMARK and 
FASTCMPXCHG instructions may be present in each core in 
computer system300. This logic is represented by processing 
logic 400, 402,404, and 406 in cores AO (306), A1 (308), A2 
(310), and A3 (312), respectively, as well as by processing 
logic 408, 410,412, and 414 in cores B0 (314), B1 (316), B2 
(318), and B3 (320), respectively. Furthermore, in other 
embodiments, the processing logic capable of Successfully 
executing the CLMARK and FASTCMPXCHG instructions 
may be distributed throughout several circuits, logic units, or 
devices illustrated in FIG. 3. 

Although not illustrated, other computer system imple 
mentations utilizing different layouts of CPUs, busses, 
memory, etc. are perfectly acceptable to implement the inven 
tion as well. 

Additionally, logic to implement a process using multi 
modal input to control objects on a display may reside in one 
or more locations in the computer system 800 at different 
times during operation. For example, the logic may comprise 
software code 876 implementing the process. This logic may 
bestored in system memory 830 or 832 (logic876A or 876B), 
within cache 822 or 824 (logic 876C or 876D), within mass 
storage device 868 (logic 876E), or elsewhere within or exter 
nal to the computer system 800. In other embodiments, the 
processing logic may be partially implemented infirmware or 
hardware within system 800. 

FIG. 9 illustrates another embodiment of a computer sys 
tem implementing multi-modal input to control objects on a 
display. 

Computer system 900 is shown. The computer system in 
FIG.9 generally comprises a system on a chip (SoC) layout. 
The SoC layout may be utilized in any type of computer 
system but is useful for Small form factor computing devices, 
Such as cellular phones, Smartphones, set-top boxes, game 
consoles, and Small laptop computers, such as netbook-type 
computing devices. 
The computer system 900 many of the same components 

discussed above in relationship to FIG. 8 including a CPU 
902. In a SoC layout, it is common to have a single CPU, 
though in other embodiments that are not shown, one or more 
additional CPUs are also located in computer system 900. 

Again, CPU902 may be Intel R. Corporation CPU or CPU 
of another brand. CPU902 includes one or more cores. In the 
embodiment shown, CPU902 includes Core A (904), Core B 
(906), Core C (908), and Core D (910). Only one core is 
needed for operation of the computer system, but additional 
cores can distribute workloads and potentially increase over 
all system performance. CPU 902 may also include one or 
more caches, such as cache 912. 

In many embodiments, CPU 902 includes a system 
memory controller 914 to provide an interface to communi 
cate with system memory 916. CPU902 also may include an 
integrated graphics Subsystem 918, that is capable of com 
puting pixel, Vertex, and geometry data to be displayed on 
display device 920. CPU 902 additionally may include a 
communication subsystem 922 that provides an I/O interface 
to communicate with external devices. The communication 
subsystem 922 may include both wired 924 and wireless 926 
interfaces. 
CPU902 also includes a storage controller 928 to provide 

an interface to a mass storage device 930. Additionally, CPU 
902 is capable of communicating to I/O devices, such as I/O 
device 932 and I/O device 934 through I/O host controllers 
936 and 938, respectively. The I/O adapters each may allow 
the CPU 902 to communicate with one or more I/O devices 
through a certain protocol. Finally, an input interface 940 
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8 
allows the computer system to be coupled to input devices 
Such as one or more cameras 942, one or more microphones 
944, as well as other input devices. Many of the input devices 
may comprise modal input devices. 

In many embodiments, logic, including potentially logic 
for implementing multi-modal input to control objects on the 
display device 920, may be present in any one of the following 
locations. When at least a portion of the logic is implemented 
in software, the logic may be present in system memory 916 
(logic 946A), mass storage 930 (logic 946B), cache 912 
(logic 946C), or potentially in any core (not shown). When at 
least a portion of the logic is implemented in hardware, the 
logic may be present in the general circuitry (uncore) of the 
CPU902 outside of the cores (logic 946D). 

Elements of embodiments of the present invention may 
also be provided as a machine-readable medium for storing 
the machine-executable instructions. The machine-readable 
medium may include, but is not limited to, flash memory, 
optical disks, compact disks-read only memory (CD-ROM), 
digital versatile/video disks (DVD) ROM, random access 
memory (RAM), erasable programmable read-only memory 
(EPROM), electrically erasable programmable read-only 
memory (EEPROM), magnetic or optical cards, propagation 
media or other type of machine-readable media suitable for 
storing electronic instructions. For example, embodiments of 
the invention may be downloaded as a computer program 
which may be transferred from a remote computer (e.g., a 
server) to a requesting computer (e.g., a client) by way of data 
signals embodied in a carrier wave or other propagation 
medium via a communication link (e.g., a modem or network 
connection). 

In the description above, certain terminology is used to 
describe embodiments of the invention. For example, the term 
“logic' is representative of hardware, firmware, software (or 
any combination thereof) to perform one or more functions. 
For instance, examples of “hardware' include, but are not 
limited to, an integrated circuit, a finite state machine, or even 
combinatorial logic. The integrated circuit may take the form 
of a processor Such as a microprocessor, an application spe 
cific integrated circuit, a digital signal processor, a micro 
controller, or the like. 

It should be appreciated that reference throughout this 
specification to “one embodiment” or “an embodiment” 
means that a particular feature, structure or characteristic 
described in connection with the embodiment is included in at 
least one embodiment of the present invention. Therefore, it is 
emphasized and should be appreciated that two or more ref 
erences to “an embodiment’ or “one embodiment' or “an 
alternative embodiment” in various portions of this specifi 
cation are not necessarily all referring to the same embodi 
ment. Furthermore, the particular features, structures or char 
acteristics may be combined as Suitable in one or more 
embodiments of the invention. 

Similarly, it should be appreciated that in the foregoing 
description of embodiments of the invention, various features 
are sometimes grouped together in a single embodiment, 
figure, or description thereof for the purpose of streamlining 
the disclosure aiding in the understanding of one or more of 
the various inventive aspects. This method of disclosure, 
however, is not to be interpreted as reflecting an intention that 
the claimed Subject matter requires more features than are 
expressly recited in each claim. Rather, as the following 
claims reflect, inventive aspects lie in less than all features of 
a single foregoing disclosed embodiment. Thus, the claims 
following the detailed description are hereby expressly incor 
porated into this detailed description. 
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This invention claimed is: 
1. A modular multi-modal input system, comprising: 
a plurality of modal input devices, each modal input device 

to retrieve a stream of modal input data from a user; 
modal interpretation logic to interpret each of the plurality 5 

of retrieved modal input data streams into a correspond 
ing of set of actions; 

modal pairing logic to assign each corresponding set of 
actions to control one of a plurality of displayed objects, 
wherein modal pairing logic implements a user interface 10 
to enable the user to explicitly assign each stream of 
modal input to a display object; 

and modal control logic to control each displayed object by 
its assigned set of actions, 

wherein each of the plurality of modal input devices cap- 15 
tures a different type of modal input data corresponding 
with a different type of gameplay action, 

wherein the modal pairing logic is operable to dynamically 
change a control assignment of a first displayed object of 
the plurality of displayed objects from a first modal input 20 
data stream of a first type of input device having a first 
type of data to a second modal input data stream of a 
second type of input device having a second type of data 
different from the first type of data. 

2. The modular multi-modal input system of claim 1, 25 
wherein the modal pairing logic is operable to dynamically 
change a first modal input data stream of the plurality of 
modal input data streams from controlling a first displayed 
object to a second displayed object. 

3. The modular multi-modal input system of claim 1, fur- 30 
ther comprising: 

modal input management logic to manage two or more of 
the plurality of modal input devices as a group for the 
user, the group of modal input devices allowing the user 
to provide simultaneous control of two or more of the 35 
plurality of displayed objects. 

4. The modular multi-modal input system of claim 3, 
wherein at least two of the plurality of modal input devices in 
the group are hands-free modal input devices. 

5. The modular multi-modal input system of claim 3, 40 
wherein a first modal input device in the group is of a different 
modal type than a second modal input device in the group. 

6. The modular multi-modal input system of claim 1, 
wherein at least one modal input device of the plurality of 
modal input devices is one of a video camera, a microphone, 
and an accelerometer. 

7. A method, comprising: 
retrieving a plurality of streams of modal input data from a 

user, each stream of modal input data received from a 
different one of a plurality of modal input devices; 

interpreting each of the plurality of retrieved modal input 
data streams into a corresponding of set of actions; 

assigning each corresponding set of actions to control one 
of a plurality of displayed objects: 

implementing a user interface to enable the user to explic 
itly assign stream of modal input to a display object; 

controlling each displayed object by its assigned set of 
actions; and 

dynamically changing a control assignment of a first dis 
played object of the plurality of displayed objects from a 
first modal input data stream of a first type of input 
device having a first type of data to a second modal input 
data stream of a second type of input device having a 
second type of data different from the first type of data, 

wherein each of the plurality of modal input devices cap 
tures a different type of modal input data corresponding 
with a different type of gameplay action. 
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8. The method of claim 7, further comprising: 
dynamically changing a first modal input data stream of the 

plurality of modal input data streams from controlling a 
first displayed object to a second displayed object. 

9. The method of claim 7, further comprising: 
managing two or more of the plurality of modal input 

devices as a group for the user, the group of modal input 
devices allowing the user to provide simultaneous con 
trol of two or more of the plurality of displayed objects. 

10. The method of claim 9, wherein at least two of the 
plurality of modal input devices in the group are hands-free 
modal input devices. 

11. The method of claim 9, wherein a first modal input 
device in the group is of a different modal type than a second 
modal input device in the group. 

12. The method of claim 7, wherein at least one modal 
input device of the plurality of modal input devices is one of 
a video camera, a microphone, and an accelerometer. 

13. A non-transitory, machine-readable medium having 
stored thereon instructions, which if executed by a machine 
causes the machine to perform a method comprising: 

retrieving a plurality of streams of modal input data from a 
user, each stream of modal input data received from a 
different one of a plurality of modal input devices; 

interpreting each of the plurality of retrieved modal input 
data streams into a corresponding of set of actions; 

assigning each corresponding set of actions to control one 
of a plurality of displayed objects rendered on a display 
device; 

implementing a user interface to enable the user to explic 
itly assign each stream of modal input to a display 
object; 

controlling each displayed object by its assigned set of 
actions; 

and dynamically changing a control assignment of a first 
displayed object of the plurality of displayed objects 
from a first modal input data stream of a second type of 
input device having a second type of data different from 
the first type of data to a second modal input data stream 
of a second type of input device having a second type of 
data different from the first type of data, 

wherein each of the plurality of modal input devices cap 
tures a different type of modal input data corresponding 
with a different type of gameplay action. 

14. The non-transitory, machine-readable medium of claim 
13, wherein the performed method further comprises: 

dynamically changing a first modal input data stream of the 
plurality of modal input data streams from controlling a 
first displayed object to a second displayed object. 

15. The non-transitory, machine-readable medium of claim 
13, wherein the performed method further comprises: 
managing two or more of the plurality of modal input 

devices as a group for the user, the group of modal input 
devices allowing the user to provide simultaneous con 
trol of two or more of the plurality of displayed objects. 

16. The non-transitory, machine-readable medium of claim 
15, wherein at least two of the plurality of modal input devices 
in the group are hands-free modal input devices. 

17. The non-transitory, machine-readable medium of claim 
15, wherein a first modal input device in the group is of a 
different modal type than a second modal input device in the 
group. 

18. The non-transitory, machine readable medium of claim 
13, wherein at least one modal input device of the plurality of 
modal input devices is one of a video camera and a micro 
phone. 
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19. The modular multi-modal input system of claim 1, 
wherein the user interface comprises a first list of available 
streams of modal input and a second list of available display 
objects to control. 

20. The method of claim 7, wherein the user interface 5 
comprises a first list of available streams of modal input and 
a second list of available display objects to control. 

21. The non-transitory, machine-readable medium of claim 
13, wherein the user interface comprises a first list of avail 
able streams of modal input and a second list of available 10 
display objects to control. 

k k k k k 

12 


